kg dose of MEZZ in the hot plate test. Conclusion: MEZZ produced antiinflammatory and antinociceptive activities which may involve the inhibition of bradykinin-, prostaglandin-, histamine-and opioid-mediated processes.
Introduction
The association between inflammation and nociception has previously been reported [1] . During the inflammatory process, sensitizing and activating mediators (i.e. prostaglandins, histamine, kinins, etc.) target receptors on primary afferent nerve fibers involved in pain processing. The activated mechanoinsensitive 'sleeping' nociceptors then transmit the response to the spinal cord where the noxious input can induce central sensitization to pain. Based on this association, Attaway and Zaborsky [2] claimed that agents with antiinflammatory activity, either derived from animals or plants, can also possess an antinociceptive activity, which is supported by various findings [3] [4] [5] .
The quest for new antiinflammatory and antinociceptive compounds lacking side effects has continued, with researchers continuously and successfully isolating a variety of promising compounds from plant sources [3] [4] [5] .
One of the fascinating plants that we are studying in our laboratory is Zingiber zerumbet Smith. It is a wild ginger belonging to the tropical and subtropical family of Zingiberaceae, originating in Southeast Asia. It has been cultivated for thousands of years as a spice and also for medicinal purposes, i.e. as a cure for headaches, swelling, colds, ulcers, sores and loss of appetite, nausea and even menstrual discomfort, and has been introduced to many parts of the world [6] [7] [8] [9] as a rich source of compounds of phytomedicinal interest. According to Altman and Marcussen [10] and Jaganath and Ng [11] , the rhizome of Z. zerumbet has been used to treat various ailments in Asian (including Malaysian and Indian) and Arabic traditional medicine since ancient times. In the Western world, Z. zerumbet is used in herbal medicinal practice for the treatment of rheumatological conditions and muscular discomfort [12, 13] . Z. zerumbet, also known as lempoyang by the Malays, has been reported to possess antiinflammatory, antioxidant and antimicrobial properties [14] [15] [16] . Furthermore, the juice of boiled Z. zerumbet rhizomes has also been used for the treatment of worm infestation in children. According to Jantan et al. [17] and Tan et al. [18] , the methanol extract of Z. zerumbet (MEZZ) possesses inhibitory effects on platelet-activating factor and against the Den2 virus NS2B/NS3 protease activity, respectively.
The volatile oils of Z. zerumbet rhizomes, which possess antibacterial activity, have been reported to contain a cyclic sesquiterpene zerumbone (ZER) or 2,6,9-humulatrien-8-one as the major component, as well as humulene and camphene [19] . Chien et al. [20] have isolated ZER together with 3-O-methyl kaempferol, kaemp- [21] have reported earlier that ZER displayed HIV-inhibitory and cytotoxic activities, while Chien et al. [20] have demonstrated the potent inhibitory effect of ZER on nitric oxide and prostaglandin E 2 (PGE 2 ) production. Furthermore, ZER also suppressed colon cancer cell proliferation, induced apoptosis [22] and suppressed the generation of free radicals, the production of proinflammatory protein and the proliferation of cancer cells accompanied by apoptosis [23] . Despite the various pharmacological effects associated with the plant, the antinociceptive activity of methanol Z. zerumbet rhizome extracts has not yet been reported. The present study was aimed at determining the possible antiinflammatory and antinociceptive activities of MEZZ using various experimental models.
Materials and Methods
Plant Material Z. zerumbet rhizomes were purchased from a local wet market in Chow Kit Road, Kuala Lumpur, Malaysia, and were identified by Mr. Shamsul Khamis, a botanist at the Institute of Bioscience, Universiti Putra Malaysia (UPM), Serdang, Selangor, Malaysia. A voucher specimen (SK 622/07) was deposited at the herbarium of the Laboratory of Natural Products, Institute of Bioscience, UPM, Malaysia.
Preparation of the MEZZ
The MEZZ was prepared by macerating oven-dried (50 ° C) rhizomes of Z. zerumbet into powder form using a Waring blender and soaking the powder (1.2 kg) in 80% methanol in a ratio of 1: 20 (w/v) for 48 h. The supernatant was collected and filtered using Whatman No. 1 filter paper and the remaining plant residue was discarded. The filtered supernatant was evaporated to dryness under reduced pressure (50 ° C) and the weight of the crude dried methanol extract was measured (approx. 21.0 g). The crude dried extract was kept at -20 ° C prior to use and was dissolved in normal saline (0.9% NaCl) immediately before administration at concentrations required to produce doses of 25, 50 and 100 mg/kg.
Preparation of Drugs
Acetylsalicylic acid (ASA), morphine sulfate, naloxone, bradykinin, prostaglandin (PGE 2 ), histamine, loratadine and HOE 140 were purchased from Sigma Co. (St. Louis, Mo., USA) and dissolved in 0.9% NaCl at the required dosage, chosen based on doseresponse studies carried out in our laboratory and in previous studies [3] [4] [5] .
Experimental Animals
Male Balb/c mice (25-30 g; 5-7 weeks old) and Sprague-Dawley rats (180-200 g; 8-10 weeks old), obtained from the Animal Source Unit, Faculty of Veterinary Medicine, UPM, were used in this study. All of the animals were kept at room temperature (27 8 2 ° C; 70-80% humidity; 12-hour light/darkness cycle) in the Animal Holding Unit, Faculty of Medical and Health Sciences, UPM, for at least 48 h before use. Food and water were supplied ad libitum up to the beginning of the experiments. At all times, the mice and rats were cared for in accordance with current UPM principles and guidelines for the care of laboratory animals and the UPM ethical guidelines for investigations of experimental pain in conscious animals as adopted from Zimmermann [24] .
The experimental animals were divided into 12 groups of 7 mice each (n = 7) and subcutaneously received 0.9% NaCl, 100 mg/kg ASA or MEZZ (25, 50 and 100 mg/kg) 30 min prior to being subjected to the abdominal constriction or hot plate tests, respectively. On the other hand, the rats were divided into 16 groups of 7 rats each (n = 7). The first batch of 6 groups of rats was used in the formalin test and subcutaneously received NaCl, 100 mg/ kg ASA, 5 mg/kg morphine or MEZZ (25, 50 and 100 mg/kg), respectively, 30 min prior to being subjected to the test. The second and third batches of 5 groups of rats were used in the carrageenaninduced and cotton-pellet-induced inflammation studies, and subcutaneously received NaCl, 100 mg/kg ASA or MEZZ (25, 50 and 100 mg/kg), respectively, 30 min prior to performing the given test. All of the test solutions were administered in a volume of 10 ml/kg body weight.
Antiinflammatory Assay
Carrageenan-Induced Paw Edema Test. The carrageenan-induced paw edema test, considered as a model of acute inflammation, was used to determine the antiinflammatory activity of the MEZZ against this type of inflammation [3] .
Cotton-Pellet-Induced Granuloma Test. The cotton-pellet-induced granuloma test, considered as a model of chronic inflammation, was used to determine the antiinflammatory activity of the MEZZ against this type of inflammation [4] .
Antinociceptive Assay
Abdominal Constriction Test. The abdominal constriction test was used to determine the involvement of peripheral mechanisms in the antinociceptive activity of the MEZZ in a chemically induced nociceptive model [3] .
Hot Plate Test. The 50 ° C hot plate test was used to study the involvement of central mechanisms in the antinociceptive activity of the MEZZ [3] .
Formalin Test. The formalin test was used to evaluate the nonantiinflammatory, antinociceptive properties of the MEZZ [4] . The early phase, produced between 0 and 5 min after the administration of carrageenan, reflects neurogenic noninflammatory pain, while the late phase, occurring between 15 and 30 min after the carrageenan administration, indicates inflammation-mediated pain.
Preparation of Rat Ileum. The effect of the MEZZ on bradykinin-, PGE 2 -and histamine-induced contraction of the isolated rat ileum was also determined according to the modified method of Roberts et al. [25] . Sprague-Dawley rats, starved of feed for 18 h but allowed free access to water, were killed by cervical dislocation. Part of the ileum (approx. 2 cm), attached to the rear of the cecum, was removed and immediately placed in a dish and covered with Krebs-Henseleit solution (composition in grams per liter in distilled water: NaCl 6.92, KCl 0.35, KH 2 PO 4 0.16, MgSO 4 0.29, CaCl 2 0.28, NaHCO 3 2.1 and glucose 2.1) at 37 ° C. A dose-contractile response was obtained in the absence and presence of the MEZZ at concentrations of 2, 5 and 10 mg/ml. Loratadine (15 g/ml), ASA (50 g/ml) and HOE 140 (6 g/ml) were used as antagonists against histamine, PGE 2 and bradykinin, respectively.
Statistical Analysis
The results are presented as means 8 standard error of mean (SEM). The one-way ANOVA test with Dunnett's post hoc test was used to analyze and compare the data, with p ! 0.05 considered as the limit of significance. 1 Values significantly different from control value at p < 0.05; ANOVA followed by post hoc analysis.
Results
The antiedematogenic profile of the MEZZ assessed using the carrageenan-induced paw edema test in rats is given in figure 1 . All dosages of the MEZZ exhibited significant (p ! 0.05) antiedema activity in a concentration-dependent manner with the 50 and 100 mg/kg doses of the MEZZ exhibiting activity at 90 min following their administration. However, the 25 mg/kg dose of the MEZZ demonstrated activity at 150 min following its administration. For all dosages used, the activity lasted until the end of the experiment (330-min interval) but was lower than that produced by the 100 mg/kg dose of ASA.
The antiinflammatory activity of the MEZZ as assessed using the cotton-pellet-induced granuloma test in rats is shown in figure 2 . All dosages of the MEZZ significantly (p ! 0.05) reduced the weight of exudates and granuloma tissues when compared with the control group (treated with 0.9% NaCl) in a dose-dependent manner. The 50 mg/kg dose of the MEZZ produced an approximately 50% reduction in the weight of exudates (47% reduction) and granuloma tissues (52% reduction). Interestingly, the 100 mg/kg dose of the MEZZ showed activity that was comparable to that of 100 mg/kg ASA.
The antinociceptive profile of the MEZZ as determined using the acetic acid-induced abdominal constriction test in mice is given in table 1 . The MEZZ produced (p ! 0.05) antinociceptive effects in a concentration-dependent manner with significant activity recorded at doses of 6 50 mg/kg. The highest dose of the MEZZ (100 mg/kg) produced an approximately 50% antinociceptive effect, which was comparable to the degree of antinociception exhibited by a 100 mg/kg dose of ASA.
The antinociceptive profile of the MEZZ determined using the hot plate test in mice is shown in table 2 . The MEZZ again exhibited significant (p ! 0.05) antinociceptive activity in a dose-dependent manner with significant effects observed only at doses of 6 50 mg/kg. The antinociceptive activity of the 50 and 100 mg/kg doses of the MEZZ was observed within a 30-and 180-min interval following their administration. Throughout the study, a Val ues denote means 8 SEM unless stated otherwise. Number of animals in each group: n = 7. 1 Values significantly different from control value at p < 0.05; ANOVA followed by post hoc analysis. 2 Values significantly different from the MEZZ 100 mg/kg value at p < 0.05; ANOVA followed by post hoc analysis. 3 Values significantly different from the morphine 5 mg/kg value at p < 0.05; ANOVA followed by post hoc analysis. 5 mg/kg dose of morphine produced greater antinociceptive activity than that of the MEZZ, and the activity of morphine was also observed at 30 and 180 min after the administration. Pretreatment with naloxone (5 mg/kg) significantly decreased the latency of discomfort induced by the MEZZ (100 mg/kg) when compared with the group receiving the same dose of extract alone.
The antinociceptive profile of the MEZZ determined using the formalin test in rats is given in table 3 . Interestingly, the extract exhibited significant (p ! 0.05) antinociception in both the early and late phases of nociception at all doses tested. The 100 mg/kg dose of the MEZZ exhibited approximately 50% antinociception in the early phase, while the 50 mg/kg dose demonstrated approximately 50% antinociception in the late phase of the test.
The effect of the MEZZ on bradykinin-induced rat ileum contraction is shown in figure 3 . The extract, at concentrations of 5 and 10 mg/ml, caused a significant (p ! 0.05) reduction in bradykinin-induced contractions in a concentration-dependent manner and depressed the maximal responses to 59.2% (3.004 g) and 72.7% (2.010 g), respectively, as compared to the control value (7.371 g). Interestingly, the 5 and 10 mg/ml concentrations of the MEZZ exerted activity that was greater than that of 6 g/ml of HOE 140.
The effect of the MEZZ on PGE 2 -induced rat ileum contraction is shown in figure 4 . The MEZZ, at concentrations of 5 and 10 mg/ml, caused significant (p ! 0.05) and concentration-dependent inhibition of tissue contraction. The percent inhibition of muscle contraction achieved after treatment with the 5 and 10 mg/ml MEZZ doses was 49.5% (4.045 g) and 74.9% (2.010 g), respectively, when compared to the control value (8.015 g). Similar to the bradykinin-induced contraction, 5 and 10 mg/ ml of MEZZ exhibited effects that were greater than that of 50 g/ml ASA.
The effect of the MEZZ on histamine-induced rat ileum contraction is shown in figure 5 . The MEZZ, at concentrations of 5 and 10 mg/ml, exerted a significant (p ! 0.05) concentration-dependent inhibition of muscle contraction that shifted to the right with increasing concentrations of the MEZZ, as seen in the histamine dose-response curve, when compared to the control group. Interestingly, the 10 mg/ml MEZZ dose decreased the level of contraction to below that produced by 15 g/ml of loratadine at the beginning of the treatment using 1 and 2 g/ml histamine concentrations. 
Discussion
Z. zerumbet rhizomes are used as an antiinflammatory adjuvant for stomach ache, sprain and fever in many countries in Southeast Asia including Malaysia. The present study confirmed the antiinflammatory activity of the MEZZ from previous in vivo studies [14, 20] . We were also able to demonstrate the ability of the MEZZ to reverse both acute and chronic inflammation as assessed by the carrageenan-induced paw edema and cotton-pelletinduced granuloma tests, respectively. The MEZZ produced antinociceptive activity at the central and peripheral levels based on its inhibitory activity in the hot plate test and abdominal constriction test, respectively. Furthermore, the extract was effective in blocking chemically and thermally induced nociceptive effects, a characteristic of strong analgesics, e.g. opioid agonists [4] . The strong analgesic activity claimed was further supported by the findings that the MEZZ prolonged the latency to discomfort/pain in the hot plate test and inhibited nociception in both phases of the formalin test, as seen with many centrally acting analgesic drugs, e.g. morphine [26, 27] . In addition, Hosseinzadeh and Younesi [5] also claimed that any plant extract is considered to have centrally mediated analgesic activity if it demonstrates inhibitory activity in the abdominal constriction and hot plate tests. It is generally accepted that the peripherally acting analgesics such as nonsteroidal antiinflammatory drugs exert their antinociceptive activity only in the former test, while centrally acting analgesics such as opioid agonists exhibit their antinociceptive activity in both tests [5] .
Several mechanisms of action could be suggested from the present study to explain the observed antinociceptive activity of the MEZZ. Prechallenging animals with naloxone, a nonselective opioid antagonist, leads to a reduction in the prolongation of nociceptive latency in the hot plate test by the MEZZ, indicating the involvement of the opioid receptor system in the mediation of the central antinociceptive activity of the MEZZ. Earlier, we had isolated ZER from the MEZZ and tested this compound for its antinociceptive activity using the abdominal constriction and hot plate tests. ZER was found to exhibit significant antinociceptive activity in both tests; this antinociceptive effect was completely abolished by pretreatment with 5 mg/kg of naloxone, indicating the involvement of opioid receptors in the mediation of the central antinociceptive activity of the MEZZ [28] . This pattern of activity was also seen with the MEZZ, suggesting the involvement of ZER in the antinociceptive effect of the extract. Interestingly, ZER has also been reported to exhibit antiinflammatory activity when assessed using the carrageenan-induced paw edema test [20] and could be suggested to partly contribute to the observed antiinflammatory activity of the MEZZ. The involvement of the cyclo-oxygenase-2 (COX-2) pathway, either at the peripheral and/or central levels, is also worth mentioning as part of the mechanism of action of the antinociceptive and antiinflammatory activities of the MEZZ. The acetic acid-induced abdominal constriction test has been associated with irritation of the peritoneal cavity, leading to the release of prostaglandins, e.g. PGE 2 and PGE 2 ␣ , at peripheral sites, which contribute to inflammatory pain [29] . Thus, the ability of the MEZZ to inhibit/reverse the nociceptive response associated with this assay could suggest an action to inhibit peripheral actions of prostaglandins or COX-2.
Although not yet proven, previous findings by Pini et al. [27] on the presence of central COX-2, and that its inhibition is involved in paracetamolinduced antinociceptive activity, seem to suggest the involvement of central COX-2 as part of the mechanism, together with the above-mentioned opioid system which may be responsible for the central antinociceptive activity of the MEZZ. Since ZER has been reported to be a constituent of the MEZZ [20, 28] , it is also worth mentioning that ZER suppresses the in vitro COX-2 expres- sion via a disruption of the stabilization of COX-2 mRNA [30, 31] . Regarding the investigation of the extract's peripheral antinociceptive activity using the abdominal constriction test, ASA was chosen as the standard positive control instead of paracetamol despite its inhibitory effect on COX-2 because the former acts only peripherally [27] , making it suitable for exploring the peripheral nociceptive effects seen by the abdominal constriction test [3] . The ability of paracetamol to enter the central nervous system [27] makes it an unsuitable positive control when assessing the extract's antinociceptive activity using the abdominal constriction test. In terms of the antiinflammatory activity of the MEZZ, the extract's ability to inhibit COX-2 and inducible nitric oxide synthase (iNOS) is postulated. This is based on a report indicating that carrageenan-induced edema formation involves mechanisms that include overexpression of COX-2 and iNOS [32] . Interestingly, iNOS has been known to be part of the processes involved in the development of pain/nociception [30, 33] and this could be one of the pathways involved in the antinociceptive action of the MEZZ. With regard to ZER as a major constituent of the MEZZ [20, 28] , this compound has also been reported to inhibit in vitro nitric oxide production and iNOS expression, and PGE 2 production, but it did not affect the level of the COX-2 protein [20] . Although ZER alone did not affect the COX-2 protein level, the fact that the MEZZ contains various types of compounds, i.e. 3-O-methyl kaempferol,
, which could possibly affect the said enzyme, cannot be ruled out [20] . Furthermore, ZER and compounds such as 3-O-methyl kaempferol, which are found in the MEZZ [20] , were shown to directly inhibit PGE 2 production, and this could still explain the observed effects of the MEZZ on inflammation-mediated pain and the inflammatory process itself. As described earlier, the antinociceptive activity of the MEZZ was attenuated by pretreatment with naloxone, a nonselective opioid antagonist. On this basis, we have suggested that Z. zerumbet exerts an opioid-like antinociceptive effect in mice. This finding is further supported by our recently published report on the opioid-like antinociceptive effect of ZER [28] , which is believed to contribute to the overall antinociceptive effect of the MEZZ. We also present evidence that the MEZZ possesses inhibitory effects on inflammation and nociception at least partly by inhibiting bradykinin-, PGE 2 -and histaminemediated actions. It appears that bradykinin-, histamineand PGE 2 -mediated inflammation/nociception pathways are targets in the action of the MEZZ. Contraction of rat ileum induced by all three of the foregoing agonists was significantly inhibited by the MEZZ, suggesting that the ability of the MEZZ to interfere with the binding of these substances to their respective receptors may contribute to the attenuation of inflammation and nociception produced by these extracts [34] . Interestingly, the effect of the MEZZ on these agonist-induced contractions of rat ileum was consistent with a previous result by Kim et al. [34] , who reported on an inhibitory effect of the methanol extract of the radix of Asarum sieboldii on bradykinin-and histamine-induced ileum contraction. However, we cannot rule out the possibility that the MEZZ could also inhibit signal transduction pathways downstream from the agonist-receptor binding.
Despite reports of the antiinflammatory activity of the ethanol and water extracts of Z. zerumbet against an acute model of inflammation that used the PGE 2 -induced paw edema test [14] and the antinociceptive activity of ZER [28] , there are several new insights gained from the present study. These include the finding that MEZZ is able to attenuate carrageenan-induced acute inflammation as well as the chronic inflammation assessed by the cotton-pellet-induced granuloma test. Furthermore, we also report that the MEZZ can attenuate non-inflammation-mediated and inflammation-mediated pain, as seen in the respective early and late phases of the formalin test, which has never been reported on any extracts or compounds isolated from Z. zerumbet. Finally, in the present study, the MEZZ was shown to antagonize the contraction of rat ileum induced by several inflammatory mediators (i.e. bradykinin, PGE 2 and histamine).
Conclusion
Our results suggest that the MEZZ possesses antiinflammatory and antinociceptive activities which may involve inhibition of bradykinin-, prostaglandin-, histamine-and opioid-mediated processes. Further studies extending these findings could lead to improvement in the currently available approaches for the treatment of ailments related to inflammation and pain.
